Identification and localization of a cysteinyl residue critical for the trypsin-like catalytic activity of the proteasome.
Chemical modification of the proteasome with N-ethylmaleimide (NEM) was performed for the purpose of identifying amino acid residues that play a role in the enzyme's proteolytic function. Modification of the proteasome with NEM specifically and irreversibly suppressed one of the three peptidase activities of the enzyme, viz., the "trypsin-like" activity. Leupeptin, a reversible competitive inhibitor of this activity, protected the activity from NEM inactivation, suggesting that NEM modifies a residue in the leupeptin binding site. Comparisons of enzyme samples labeled with [14C]NEM either in the presence or in the absence of leupeptin allowed the identification of a proteasome subunit containing an NEM-modified, leupeptin-protected cysteinyl residue. The leupeptin protection experiments suggest that residues of this subunit contribute to the active site responsible for the proteasome's trypsin-like activity. This subunit was purified by reverse-phase high-performance liquid chromatography. Peptide mapping and N-terminal amino acid sequencing were employed to acquire information about the primary structure of the subunit, including the sequence surrounding the leupeptin-protected cysteinyl residue. The sequencing data suggest that this proteasome subunit is evolutionarily related to other proteasome subunits that have been sequenced, which show no homology to other known proteases. The assignment of a catalytic function to a member of the proteasome family supports the hypothesis that proteasome subunits represent a structurally and possibly mechanistically novel group of proteases.